Production of non-functional pollen by plant reduces effectiveness of pollination. A study was carried out at Cocoa Research Institute of Nigeria, Ibadan to determine the influence of rainfall and temperature on flowering intensity of selected clones of Upper Amazon cocoa (Theobroma cacao), as well as its pollen fertility. Eight clones of T. cacao used were T17/11, T7/12, T12/5, T86/45, C23, C64, C77 and Pa 24. The number of flowers at varying locations was recorded. The anthers were squashed in acetocarmine, and examined under the microscope to determine pollen fertility of each clone. The result showed that flowering intensity was regulated by rainfall and temperature and varied among the eight clones studied. The number of flowers produced by the various clones ranged from 128 for clone C23, to 415 for clone T86/45 in both January and May. The number of flowers produced on the ventral surface (V) of the clones was significantly higher (p < 0.05) than that from the dorsal region. More pods per cushion would be produced if more of the flowers produced at the dorsal (lower or abaxial) region were pollinated by pollinators in the seed garden. Clone T86/45 had the highest pollen viability (92.11%), while clone T12/5 recorded the lowest pollen viability ( 81.06%).
INTRODUCTION
Cocoa (Theobroma cacao L.) is a preferentially allogamous Neotropica tree species of the family Malvaceae. Theobroma orginated in several native areas of the tropical rainforest of equatorial America (Bailey et al., 2005) , the most important of these being at the foot of the Andes on the upper reaches of the Amazon river (Mossu, 1992) . T. cacao is the only species cultivated commercially for producing seeds for preparing chocolate or for extracting cocoa butter. Although, all cultivated cocoas show great variability, it is generally agreed that they can be divided within the species, into three large groups: Criollos, Forastero Amazonians and Trinitarios (Cheesman, 1944; Gordon, 1976) . Theobroma cacao, is a tropical understorey tree that is a major economic resource to several tropical countries (Browna et al., 2007; Lanaud et al., 2009; ) The yields of Upper Amazon Cocoa have been militated by several factors since its introduction into Nigeria in 1874. All efforts toward its improvement had been limited partly by inadequate knowledge of the effects of climate on flowering pattern and pollination efficiency. Studies on the influence of season on flowering pattern of cocoa (T. cacao) in various cocoa growing countries showed that flower production is primarily controlled, either directly or indirectly by climatic factors (Alvim, 1984; Mohr and Schopfer, 1994) . It has, however, been observed that excessively dry or relatively cold periods may completely inhibit flowering in regions where seasonal variability in rainfall and temperature persist (Alvim 1966; Asomaning et al., 1971 ). An adult cocoa plant can produce several thousand flowers per year, sometimes more than 50,000 of which only a small proportion (usually less than 5 per cent) are pollinated and an even smaller proportion (0.5 -2.0 per cent) (Alvim, 1984) produce fruit set. Alvim (1966) reported that environmental factors such as rainfall and temperature had significant effects on flowering and subsequent pod setting.
One of the approaches of genetic improvement of cocoa is based on the creation of hybrids between a number of clearly distinct groups in the species T. cacao. These hybrids are usually distributed as seeds; the production of these latter being assured either by hand pollination or by the creation of biclonal seed gardens if seed production requirements are high (Lachenaud et al., 2009) .
Production of non-functional pollen by plants reduces effectiveness of pollination. One of the first steps in assessing effectiveness of pollination in a clonal population is a test of pollen fertility. This gives an indication of the amount of fertile pollen available for pollination by each clone within a seed orchard or plantation. The objectives of the study, therefore, were to determine: (a) the influence of rainfall and temperature on flowering intensity of selected clones of Upper Amazon cocoa; and (b) pollen fertility among selected clones of Upper Amazon cocoa. Flowering behaviour. In the flowering experiment, ten trees were randomly selected per clone. The trees were tagged with labels that indicated their clonal type. The main trunk and three branches were selected. Flowers were counted on the main trunk (Tr) between 60 and 120 cm above ground level, and on the first branch (B 1 ), second branch (B 2 ) and third branch (B 3 ), as well as from the dorsal (D) and ventral (V) regions. The data were taken for two weeks in dry spell of January and two weeks in rainy month of May. The floral structure and patterns of floral initiation were observed. The daily temperature and rainfall figures at Idi-Ayunre, Ibadan were recorded for six months between January and June, for three years : 2006, 2007 and 2008 , from which average monthly temperature and rainfall were calculated. The experimental design used was the randomised complete block design with five replications. The data collected were subjected to analysis of variance (ANOVA) and the means were separated using Least Significant Difference.
MATERIALS AND METHODS

A
Pollen stainability. Anthers were collected from healthy flowers of the selected clones. These flowers were stored in a fixative of aceto-ethanol 1:3 v/v in bottles. Then the anthers were mounted on slides to which two drops of acetocarmine were added. The acetocarmine was prepared by adding 0.5 g of carmine to 55 ml of distilled water and 45 ml of glacial acetic acid were added. The mixture was heated until boiling and the preparation was cooled and filtered. The anthers were squashed in the acetocarmine stain using the base of dissecting needle, after which the tapetal materials were squeezed out using a pair of forceps. The slides were examined under an Olympus microscope. Morphological characters like shape, diameter and stainability of the pollen of each clone were studied.
Well-stained pollen was considered "fertile", while those that were unstainable were considered "sterile". The percentage stainability (fertile) was calculated. The diameters of 10 pollen grains were measured at X400 magnification with ocular micrometer in three random fields of view on three slides mounted for each clone. The means, standard deviations and ranges of pollen measurement taken were determined for each of the clone. Coefficient of variation for the pollen diameter was computed.
RESULTS
Variation in floral behaviour. Floral initiation varied among the eight clones of Upper Amazon cocoa populations sampled (Table 1) . Rainfall and temperature were observed to play significant roles in floral initiation. The number of flowers produced on the ventral surface (V) of the clones was significantly higher (p < 0.05) than from the dorsal region (Table 2 ). The number of flowers produced by the various clones of Upper Amazon cocoa ranged between 128 for clone C23, and 415 for clone T86/45 in both January and May (Table 2 ). The increase in mean number of flowers produced by all the clones was higher than 100% (Table 3) .
Length of style (pistil).
Clonal differences in the length of style were significant (p > 0.05) ( Table  4 ). The style length varied from 2.71 to 7.21 mm ( Table 4 ). The mean values for individual clones (Table 5) . Clones C77 and T86/45 had the highest mean pollen diameters of 19.00 + 2.21 µm and 15.14 + 1.36 µm, respectively. Clone T12/5 had the lowest mean pollen diameter and coefficient of variation (10.77 + 2.81 µm and 13.74%, respectively). Generally, the most prevalent shapes of pollen grain were globose (52.54%) and monosulcate (30.33%) ( Table 6 ). Polycolpate pollen grains were absent in clones T86/45 and C64. Nonetheless, clone T86/45 with pollen viability of 92.11%, was the highest. Clone T12/5 recorded the lowest values (81.06%). 
DISCUSSION
The highest number of flowers produced among the clones of Theobroma cacao was in May. This observation agrees with earlier reports that flowering intensity is greatest between April and June (Gordon, 1976) . The increase in rainfall in May promoted flowering intensity than that observed in January, though both months were warm. Alvim (1966) also observed that flowering intensity is strongly affected by rainfall and temperature. Warm climate and increased rainfall promote flushing and flower initiation in T. cacao. Though, flowering intensity was regulated by environmental factors, such as rainfall and temperature in cacao, it varied among the eight clones studied. Mohr and Schopfer (1994) observed that flower initiation, shape and morphogenesis though dependent on the environment is regulated endogenously and varies among cultivars.
More flowers were found on the ventral (upper or adaxial) region of cocoa trees in this study. This agrees with an earlier observation by Esan (1993) that cacao exhibits a gravimorphic phenomenon for pod production. This suggests that more pods per cushion would be produced if more of the flowers produced at the dorsal (lower or abaxial) region were pollinated in the seed garden. The knowledge of floral structure and pollen viability that affect pod setting is useful in improving the yield and quality of cocoa in Nigeria and the world.
Pollen stainability was highest for clones T86/ 45, C64 and C77, implying that their pollen grains are fertile. Clone T12/5 showed the lowest pollen fertility (81.06%). Yield from cocoa trees that are self-incompatible may be depressed by the absence of cross-compatible individuals of good pollen parents (Falque, et al., 1993) . The genetic origin of the pollen affects the number of seeds per pod with manual pollination; and in clones highly susceptible to incomplete filling, the introduction of compatible pollen does not suppress the phenomenon (Lachenaud, 1993) .
Although not all the factors limiting production in the cacao tree are well known, level of pollination plays a definite role in fruit setting frequency (Falque et al., 1993) . Williams and Rouse (1989) , however, explained how variation in pollen sizes influence the mode of pollination in plants. The variation observed in various pollen types in this study reveals inter-varietal differences, which could be taken into consideration when grouping variety according to pollen types in the genus Theobroma.
From the study of pollen types among the clones, if hybridisation is considered as the reason for the diversity of pollen types (Carreira and Mederios, 1976) , the taxon with the highest combination of types would have the highest hybridisation index and vice-versa. The higher the hybridisation the more advanced such a taxon could be considered to be. The clone with the highest combination of types were T17/11 and T12/5. The mean number of pollen grains produced in the stamens varies with time and is negatively correlated to the percentage of unpollinated flowers (Falque et al., 1993) .
CONCLUSION
High rainfall and favourable temperature promote flowering intensity in cacao in Nigeria. There are differences in pollen viability among clones of Upper Amazon cacao, suggesting that clones with low pollen fertility would not be good candidates for hybrid seed production in cacao.
